Relation between the alpha-relaxation and the Johari-Goldstein
  Beta-relaxation of a component in miscible blends of two glass-formers by Ngai, Kia l. & Capaccioli, Simone
Relation between the α-relaxation and the Johari-Goldstein  
β-relaxation of a component in binary miscible blends of glass-formers 
 
K.L. Ngai
Naval Research Laboratory, Washington DC 20375-5320, USA 
 
S. Capaccioli 
Dipartimento di Fisica and INFM (UdR Pisa), Università di Pisa, Via Buonarroti 2, I-
56127, Pisa, Italy 
 
Abstract 
 It is well known that the α-relaxation of each component in a miscible mixtures of 
two glass-formers has its own dynamics, which change with the composition of the 
blend. Lesser known are the corresponding change of the Johari-Goldstein (JG) β-
relaxation and its relation to the α-relaxation. Previously, in neat glass-formers, the 
relaxation time τJG of JG β-relaxation was identified with the independent relaxation time 
τ0 of the coupling model. The correspondence between τ0 and τJG was supported by 
analysis of experimental data of many glass-formers. In this work, this correspondence 
between τ0 and τJG of a component in binary mixtures and the relation between τ0 and τα 
of the coupling model are used to generate predictions of the simultaneous changes of τα 
and τJG of the component on varying the composition of the mixture. The predictions are 
in accord with the experimental data of the component 2-picoline in mixtures with either 
tri-styrene or ortho-terphenyl by T. Blochowicz and E.A. Rössler, Phys.Rev.Lett. in press 
(2004).  
PACS numbers: 64.70.Pf, 77.22.Gm  
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1. Introduction 
Explaining the changes of dynamics of a component in a binary miscible mixture 
of two glass-formers from that in the neat state is a challenging problem. A successful 
explanation based on the extension of a model or theory for a neat glass-former is most 
desirable. There are many studies of miscible mixtures of two glass-formers on the 
changes of the primary α-relaxation of either components1, , , ,2 3 4 5. Seldom seen is the study 
of the effects of mixing on both the primary α-relaxation and the secondary β-relaxation 
in parallel, particularly when the secondary relaxation of one of the glass-formers is 
intermolecular in origin (i.e., a Johari-Goldstein relaxation)6, ,7 8. There are few examples. 
They include dielectric measurements of mixtures of water with glycol oligomer9, 
alcohol10, glycerol11, sorbitol12, and glucose13; mixtures of glycerol with sorbitol14; 
mixtures of 2-piocline with tri-styrene15,16. For polymers, there are blends of poly(vinyl 
methyl ether) with poly(2-chlorstyrene)17, poly(n-butyl methacrylate-stat-styrene) 
copolymers18,19, and poly(4-vinylphenol)/poly(ethyl methacrylate) blends20. These studies 
reported change of dynamics of both the primary and the secondary relaxation of a 
component in binary blends. For a theoretical interpretation of the dynamics in these 
works, one needs an approach that can address not only the change of the α-relaxation 
dynamics but also that of the secondary relaxation. Among secondary relaxations21, the 
Johari-Goldstein (JG) β-relaxation6,7,8 is the most important for glass transition because it 
is considered to be the precursor of the α-relaxation. Certainly, the secondary relaxations 
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observed in totally rigid molecular glass-formers are appropriately called JG β-
relaxations after the researchers who found them. A more stringent definition of JG β-
relaxation extended to non-rigid glass-formers has recently been proposed in Reference 
[21].  As far as we know, among theories or models of dynamics of neat glass-formers, 
the coupling model22, , ,23 24 25 is the only approach that has been extended to address the α-
relaxation and the JG β-relaxation of a neat glass-former, as well as the α-relaxation 
dynamics of a component in a binary miscible blend. Naturally we apply it to construct a 
model of the component dynamics of a blend that address simultaneously the α-
relaxation and the J-G β-relaxation coming from a component, and their changes with 
blend composition. The predictions of this extended blend model are compared with the 
rich experimental dielectric relaxation data of 2-picoline mixed with either tri-styrene or 
ortho-terphenyl, published recently by Blochowicz and Rössler15,16. 
  
2.  Coupling model interpretation of α-relaxation in binary mixtures 
 
 The coupling model (CM)22,23,24,25 emphasizes the many-body nature of the α-
relaxation dynamics of a neat glass-former A through the intermolecular coupling of the 
relaxing species with others in its environment. The many-body dynamics are 
heterogeneous26 and give rise to the Kohlrausch-Williams-Watts (KWW) stretch 
exponential correlation function,  
])/(exp[)( 1 AnAA tt
−−= ατφ .     (1) 
Here (1-nA)≡βA is the fractional KWW exponent, and nA is the coupling parameter in the 
CM. The larger the intermolecular coupling, the larger is nA. The utility of the CM is 
attributed to the relation,  
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between the KWW relaxation time, τAα, to the independent relaxation time, τA0, via the 
KWW exponent and tc. The latter is the crossover time from independent relaxation to the 
many-body KWW relaxation and has the approximate value of 2×10-12 s for molecular 
liquids27. The CM merely accounts for the effect of the complex many-molecule 
dynamics, slowing the relaxation from τA0 to τAα via Eq.(2). The dependences of the 
relaxation on temperature, entropy and volume, enter first into τ0A, and are amplified in 
τAα because of the raising to the power given by the superlinear exponent, 1/(1- nA), in 
Eq.(2). Evidences that τ0A already senses the specific volume (or free volume) and/or 
entropy (or configurational entropy) come from that of τβ of the JG relaxation. They 
include (1) the relaxation strength ∆εβ7 as well as the relaxation time τβ28 of the JG 
relaxation showing changes of temperature dependence at Tg β; (2) the shift of τ  to longer 
times by physical aging29; β
. 
and (3) the large difference in τ  depending on the temperature 
and pressure combination paths that take a glass-former from the equilibrium liquid to 
two different glassy states at the same final temperature and pressure30
Perhaps the first published model addressing the component α-dynamics of 
binary mixtures A/B was by an application of the CM31, , , , ,32 33 34 35 36. This approach extends 
the coupling model for neat glass-formers to mixtures by incorporating other sources of  
heterogeneity of dynamics in mixtures, due to the intrinsic mobility differences of the 
components (i.e., τ0A and τ0B are different) and to the local compositional heterogeneity 
coming from concentration fluctuations. The intrinsic mobility (τA0 or τB0) depends on the 
local composition. The α-relaxation dynamics (τA or τB) of a component (A or B) in a 
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mixture is determined by its chemical structure, as well as by the local environment, since 
the latter governs the intermolecular coupling and the many-molecule dynamics 
determining the α-relaxation. The environments for either component, say A, are not 
identical due to composition fluctuations. There is a distribution of environments {i} of 
the A molecules, which in turn engenders a distribution of independent relaxation times 
{τA0i} and coupling parameters {nAi} for the A molecules.  
To fix ideas, we consider from now on that the glass transition temperature of the 
neat A glass-former is much lower than that of the neat B glass-former, such that the 
intrinsic mobility of A is significantly higher than B, or τA0 << τB0. From the standpoint of 
a molecule A in the mixture A1-xBx, the partial replacement of A molecules by the less 
mobile B molecules with different chemical structure and size in its environment i will 
enhance the intermolecular constraints on its motion, and thereby increase its coupling 
parameter nAi over and above nA of the neat A glass-former. All nAi in the distribution are 
larger than the coupling parameter nA of the neat A glass-former, i.e., 
nAi > nA,      (3) 
The differences between niA and nA become larger when there are more less-mobile B 
molecules in the mixture. Eqs.(1) and (2) applies to each i in the distribution. For each i 
the α-relaxation correlation function of A is given by 
])/(exp[)( 1 AiniAAi tt
−−= ατφ ,     (4) 
 
where nAi is its coupling parameter, τAαi its cooperative α-relaxation times, and they are 
again related by the equation, 
  AiAi nAi
n
cAi t
−−= 1
1
0 ][ ττα .      (5) 
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The observed dielectric response of all A molecules in the mixture is the superposition of 
the one-sided Fourier transforms of Eq.(4), each weighed by the probability of the 
occurrence of i in the distribution {i}31,32,33,34,35,36. Local composition richer in the less- 
mobile B has larger nAi. In Eq.(5), the exponent (1- nAi) is the dominant quantity that 
determines τAαi. Consequently τAαi of environment i with larger nAi is shifted to longer 
time and has a stronger temperature dependence. This effect causes broadening on the 
low frequency side of the dispersion which, in extreme cases, leads to a reversal of the 
asymmetry of the loss peak found in neat A glass-former. Instead of skewing towards 
high frequency as in the one-sided Fourier transforms of Kohlrausch functions, the 
dispersion is altered to skewing towards lower frequency. Blends of PVME/PS and PVE 
and PIP exemplify this feature31,32,33,34. The loss peak in the dielectric and dynamic 
mechanical spectrum in these blends is unusually broad, and is strongly skewed toward 
lower frequency. 
The frequency dispersion is not the emphasis of this work and hence not 
discussed any further. Instead we focus on the loss peak frequency, fα,max ≡ 1/(2πτα,max), 
which is determined by the contribution from the most probable ones i  in the distribution 
of environments in the mixture A
ˆ
1xBx. Let us denote their coupling parameter by , the 
independent relaxation time by 
Anˆ
0ˆAτ , the α-relaxation time by ατ Aˆ , and the correlation 
function by 
 .      (6) ])ˆ/(exp[)(ˆ ˆ1 AnAA tt
−−= ατφ
Since  is just a special case, ii ˆ= ατ Aˆ  can be calculated by Eq.(5) and it is given by the 
expression 
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On increasing x, the concentration of the less-mobile component B,  increases due to 
enhanced intermolecular constraints. Since  appears in the exponent in Eq.(7), it is the 
principal cause of the increase of 
Anˆ
Anˆ
ατ Aˆ with x. Because i  has the highest probability of 
occurrence, the one-sided Fourier transform of Eq.(6) is largely responsible for 
determining the maximum of the observed α-loss peak frequency of component A in the 
mixture. Thus the experimentally determined τ
ˆ
Aα,max should correspond to the calculated 
ατ Aˆ  from Eq.(7). In the limit of x→0, the mixture A1-xBx becomes the neat glass-former 
A, and Eqs.(6) and (7) are reduced to Eqs.(1) and (2) respectively.   
Since tc≈2 ps is very short, in most experiments the ratio )/ˆ( 0 cA tτ  is much larger 
than unity in the entire temperature range of investigation. It follows immediately from 
Eq.(7) that ατ Aˆ  is much longer than 0ˆAτ . The exponent, [ /(1- )], in Eq.(7) follows 
 to increase with x, and is principally responsible for the rapid increase of 
Anˆ Anˆ
Anˆ ατ Aˆ with 
increase of x at constant temperature. 
  
3.  Coupling model interpretation of JG β-relaxation in mixtures 
A recent advance of the coupling model for a neat glass-former A is a description 
of the evolution of dynamics with increasing time24,25 from (i) the nearly constant loss in 
the short-time caged regime; (ii) the local Johari-Goldstein β-relaxation with its time τJG 
identified with the independent (primitive) relaxation time τA0; (iii) the increasing 
probability of successful independent relaxations and concomitant continuous 
 7
development of many-body cooperative dynamics until finally (iv) the fully cooperative 
α-dynamics take hold and the KWW function becomes applicable. The rationale for 
identifying τA0 with τJG is that they both are the relaxation times of the local and 
independent (non-cooperative) relaxation which is the precursor of the terminal 
cooperative α-relaxation. Experimental data on various glass-forming 
substances24,25,28, ,37 38 show remarkably good correspondence between τA0 calculated by 
Eq.(2) and τJG from experiment, 
)()( 0 TT AJG ττ ≈       (10) 
This correspondence between the observed JG relaxation time and the independent 
relaxation time of component A should continue to hold in the mixture A1-xBx, according 
to the coupling model. For mixtures, Eq.(10) has to be rewritten as 
)(ˆ)( 0 TT AJG ττ ≈  .      (11) 
After identifying ατ Aˆ  with the experimentally determined α-relaxation time τAα,max of the 
mixture, the prediction (11) can be tested by calculating 0ˆAτ  from τAα,max and  via 
Eq.(7) with the formula 
Anˆ
AA n
A
n
cA t
ˆ1
max,
ˆ
0 )()(ˆ
−= αττ .     (12) 
 
There are many glass-formers A, which in the neat state do not show a resolved 
JG β-relaxation either in the equilibrium liquid state or the glassy state. Examples, such 
as glycerol39,40, propylene glycol41 propylene carbonate39,42, cresol phthalate dimethyl 
ether43, 2-picoline15,16, and tri-styrene15,16 show no secondary relaxation whatsoever in the 
dielectric loss spectra at any temperature. There is however the excess wing appearing on 
the high frequency side of the α-loss peak. There are various evidences15,16, , , ,44 45 46 47 that 
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this excess wing is the JG β-relaxation hidden under the dominant α-loss peak because 
τJG is not much shorter than τAα21,24,25,37. From the coupling model equations (1) and (10) 
and tc=2×10-12 s, the separation between the two relaxations (in seconds) is given by 
)7.11(logloglog 1010 +=− αα τττ AAJGA n     (13) 
This relation indicates that the separation is small if the nA in the exponent (1-nA) of the 
KWW function used to fit the α-relaxation of neat glass-former A. In fact all the glass-
formers A showing an excess wing but no other secondary relaxation have smaller nA.  
Now consider a mixture of such a glass-former A with B with higher Tg. The 
separation between the two relaxations in the mixture, both originating from the A 
molecules, is given via Eqs.(12) and (13) by 
)7.11(logˆloglog max,10max,10 +=− αα τττ AAJGA n .    (14) 
We have seen that > nAnˆ A, and  increases monotonically with the concentration of B 
molecules in the mixture. It follows from Eq.(14) that in the mixtures the separation 
between the JG β-relaxation and α-relaxation of the A component increases 
monotonically with the concentration of B molecules. Hence, at sufficiently high 
concentrations of B, the JG β-relaxation of A will be resolved. For any mixture in which 
the JG β-relaxation of A is resolved, we can use Eq.(14) to calculate  from the 
experimental values of τ
Anˆ
Anˆ
Aα,max and τJG. This course of action is tantamount to using one 
coupling model prediction on the JG β-relaxation (Eq.14) to support the description of 
component α-dynamics in mixtures principally by the change of the coupling parameter 
of the α-relaxation, , in Eq.7.  Anˆ
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4. Application to 2-picoline in mixtures with tri-styrene or OTP 
(a) JG β-relaxation of 2-picoline in mixtures with tri-styrene or OTP 
 There are dielectric relaxation measurements on mixtures with 2-picoline with tri-
styrene or 2-picoline with ortho-terphenyl (OTP)15,16,48. In both cases 2-picoline plays the 
role of glass-former A that has only an excess wing but not a resolved JG β-relaxation. 
The dipole moments of tri-styrene and ortho-terphenyl are small compared with 2-
picoline, and thus the observed dielectric spectra of the mixtures are essentially entirely 
coming from the relaxations of the 2-picoline molecules. At about 20% tri-styrene, the 
excess wing changes to exhibit a shoulder indicating the emergence of JG β-
relaxation15,16. Above 30% tri-styrene, the JG β-relaxation are clearly seen in the loss 
spectra as resolved peaks. Their relaxation time τJG can be obtained directly from the 
isothermal dielectric loss data as the reciprocal of the angular frequency, 2πνJG, at the 
maximum of the JG β-loss peak. The distance between the α-relaxation and the JG β-
relaxation of 2-picoline, )log(log 10max,10 JGA ττ α − , increases with percentage of tri-
styrene for any chosen fixed value of max,10log ατ A . For example, Fig.2 of Reference (15) 
show such trend for mixtures containing 60, 50, 40 and 25% 2-picoline at νAα,max ≈10-2 
Hz. The trend is in accord with Eq.(14) and the expected monotonic increase of  with 
the concentration of tri-styrene molecules in the mixture. One may recall that the 
remarkable increase of the α-relaxation time 
Anˆ
ατ Aˆ  or τAα,max of 2-picoline when mixed 
with tri-styrene is explained in the coupling model by the monotonic increase of  via 
Eq.(7). Such proposed increase of  now has an independent check by calculating  
using another prediction of the coupling model (i.e. Eq.14) and a separate experimental 
Anˆ
Anˆ Anˆ
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quantity of 2-picoline (i.e., the separation distance between the α-relaxation and the JG 
β-relaxation). This check has been carried out, using the dielectric loss data shown in 
Fig.2 of Ref.(15) and additional data from Ref.(16). Some of the isothermal dielectric 
loss data of the mixtures containing 50, 40 and 25% 2-picoline in tri-styrene as well as 50 
and 30% 2-picoline in ortho-terphenyl16 show well defined α-loss and JG β-loss peaks and 
allow us to determine directly their peak frequencies νAα,max and νJG  and the 
corresponding relaxation times τAα,max and τJG, and hence )log(log 10max,10 JGA ττ α − , 
without using any arbitrary assumed procedure to deduce them. Next, Eq.(14) is applied 
to determine . The results of  are shown in Table 1 together with nAnˆ Anˆ A=0.36 of neat 2-
picoline. Approximately the same values of  are obtained from isothermal data 
available for the same mixture at different temperatures and τ
Anˆ
Aα,max or νAα,max, showing 
consistency of the results. The large and monotonic increase of the coupling parameter 
 of 2-picoline (in the most probable environments of the mixtures) with increasing 
content of tri-styrene is evident by inspection of the entries in Table 1 under {n
Anˆ
i}. 
 The treatment of the isothermal dielectric loss data of 5% picoline requires more 
explanation. At low temperatures of 170 K and below, when τAα,max becomes so long that 
the entire α-relaxation of picoline has moved out of the experimental frequency window, 
the JG β-relaxation was observed as a broad symmetric loss peak1 6. The Arrhenius 
temperature dependence of τJG is given by 3×10-15exp[27.27 (kJ/mol)/RT]15,16. However, 
at the higher temperatures of 223 K and above, the α-loss peaks were seen but the 
measurements had not been carried out to sufficiently high frequencies to find the 
corresponding JG β-relaxation. In order to obtain the quantity, )log(log 10max,10 JGA ττ α − , 
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at the temperature TAg defined by log10τAα,max(TAg)=102 s, we extrapolate the Arrhenius 
dependence of τJG at temperatures below TAg to TAg to determine log10τJG(TAg). 
Approximately we have, at TAg≈220.3 K, log10τJG(TAg)=-8.06. From the latter and 
Eq.(14), we deduce =0.735. The coupling parameter of the 5% picoline is large and is 
the largest among all the mixtures studied by Blochowicz et al. (see Table 1). This is 
certainly expected because of the preponderance of the less-mobile tri-styrene molecules 
seen by the picoline in this mixture. 
Anˆ
   The data of blends with more than 50% picoline do not show a resolved JG loss 
peak15,16 and there is large uncertainty in the determination of τJG using any arbitrary 
fitting procedure. For this reason, they are not considered. It is worthwhile to remind the 
reader that, unlike neat glass-formers,  can be determined directly from the dispersion 
of the α-loss peak in mixtures because of the broadening caused by concentration 
fluctuations. This is unfortunate because they are the key parameters in the application of 
the coupling model to component α-relaxation dynamics in binary mixtures, and one 
would like to obtain their values and see how they change with mixing. Nevertheless, by 
using another prediction of the coupling model on the JG β-relaxation, we are able to 
calculate  and the favorable results obtained support the premise of the coupling model 
for the component α-relaxation dynamics in binary mixtures. After  is known, one can 
proceed to fit the α-relaxation dispersion in the mixture by summing over the 
contributions from all environments and assuming a plausible Gaussian distribution of 
{n
Anˆ
Anˆ
Anˆ
i}. In the process, one can determine the width of the distribution of {ni}. The task is 
not carried out here because this is outside the focus of the present work. 
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(b) The ratio Eβ/(RTAg) from the α- and JG β-relaxation of 2-picoline in mixtures     
 At temperatures below Tg, the most probable relaxation times of all secondary 
relaxations have Arrhenius temperature dependence15,16.  In particular, for the JG β-
relaxation, we have 
)/exp()( RTETJG βττ ∞= ,  T≤Tg,     (15) 
where τ∞ is the prefactor, Eβ the activation enthalpy, and R the gas constant. A 
remarkable empirical relation of the JG β-relaxation to the glass transition temperature Tg 
of neat glass-formers given by  
gRTE 24≈β ,        (16) 
was found by Kudlik et al.49, ,50 51. Although the relation is only approximate and there are 
deviations, it is a remarkable finding which suggest some connection exists between the 
JG β-relaxation and the α-relaxation. A relation between Eβ and Tg does exist as a 
consequence of Eq.(13) when considered at T=Tg. It is given by 
    
]log7.11)(log)1[(303.2)/( 1010 ∞−−−= ττ αβ AgAAg nTnRTE .   (17) 
 
Most measurements of secondary relaxations are obtained by means of dielectric 
relaxation spectroscopy, where Tg is conveniently defined as the temperature at which the 
dielectric relaxation time τα reaches an arbitrarily long time, typically 102 s. Following 
this convention, on substituting τα(Tg)=102 s and tc=2 ps into Eq.(17), we arrive at the 
expression, 
)log7.132(303.2)/( 10 ∞−−= τβ Ag nRTE .    (18) 
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We have previously shown that the expression on the right-hand-side of Eq.(18) when 
evaluated gives a good account of the experimental value Eβ/(RTg) for many neat glass-
formers, not only those that obey the approximate empirical rule of Eq.(16) but also 
others that deviate significantly from it52. In other words, Eq.(18) is a more general 
relation than Eq.(16). The ratio, Eβ/(RTg), is larger for a smaller nA and a shorter τ∞. It 
turns out that for some neat glass-formers, the ones that have a larger nA or small KWW 
exponent, (1-nA)≡βA, also have a shorter τ∞ for their JG β-relaxation. The compensating 
effects of nA and τ∞ make possible the ratio, Eβ/(RTg), to be approximately constant for a 
number of neat glass-formers.  
We now test the quantitative prediction of Eβ/RTg given by Eq.(18) against the 
data of the α- and the JG β-relaxation in the mixtures of picoline with tri-styrene and 
with ortho-terphenyl15,16. The analogue of Eq.(18) for picoline in the blends is 
)logˆ7.132(303.2)/( 10 ∞−−= τβ AAg nRTE ,   (19)  
where now TAg is defined by )(ˆ AgA Tατ =102 s. The experimental values of the prefactor τ∞ 
are taken from Refs.(15) and (16) and  has previously been determined and given in 
Table 1. The theoretical values of E
Anˆ
β/(RTAg) calculated via Eq.(18) are in good agreement 
with the experimental values for all blends (see Table 1), except for the blend of 50% 
picoline with tri-styrene which shows some slight deviation. The discrepancy in this case 
is likely due to uncertainties incurred in determining τJG of the 50% picoline mixture. The 
uncertainties arise because νJG, the frequency of the maximum of the dielectric loss of the 
JG relaxation, at most temperatures in the glassy state were not determined directly but 
were deduced by some fitting procedure15,16.  
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The ratio Eβ/(RTAg) for the 25, 40 and 50% picoline mixtures are not far from the 
value of 25, found for many neat glass-formers49,50,51,52. One may notice from Table 1 for 
these three mixtures that the decrease of  is accompanied by the increase of logAnˆ 10τ∞. 
The near constancy of Eβ/(RTAg) arises from compensating changes of  and τAnˆ ∞ in 
Eq.(19). The 5% picoline mixture is an exception having a much smaller Eβ/(RTAg) equal 
to 14.5. However, the calculated value is still in good agreement with it.  
(c) Non-Arrhenius temperature dependence of τJG
Like in neat glass-formers, the most probable α-relaxation time of the component 
A in a binary mixture, τAα,max, has non-Arrhenius temperature dependence at temperature 
sufficiently high such that the α-dynamics of the component A is taking place in 
equilibrium. The non-Arrhenius temperature dependence is often approximately 
described by the Vogel-Fulcher-Tammann-Hesse (VFTH) equation, 
 )]/(exp[)( 0max, TTDCTA −=ατ ,    (20)  
where C, D and T0 are constants. On cooling the mixture, τAα,max becomes long enough 
that the substructure of the component A in the blend falls out of equilibrium at some 
temperature, TAg. At temperatures below TAg the substructure is frozen and the 
temperature dependence of τAα,max is given by the Arrhenius equation, 
)/exp()(max, RTET AAA ααα ττ ∞= ,    (21) 
where τAα∞ is the prefactor, EAα the activation enthalpy, and R the gas constant. The 
coupling model relations, Eqs.(11) and (12), lead immediately to the prediction of the 
corresponding temperature dependence of τJG: 
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From these it is clear that the Arrhenius temperature dependence of τJG of component A 
at temperatures below TAg will give way to the VFTH dependence above TAg. The same 
prediction was made on neat glass-formers, which are Eqs.(22) and (23) after replacing 
 therein by nAnˆ A. However, nA of most neat small molecular glass-formers are less than 
0.5. The distance between the α- and the JG relaxation frequencies are not large enough 
to permit an unequivocal determination of τJG at temperatures above Tg. A case in point is 
neat sorbitol. In spite of it having nA=0.52, some arbitrary fitting procedure53,54 has to be 
used to determine τJG at temperatures above Tg. Only by subjecting sorbitol to high 
pressureError! Bookmark not defined. was it possible to determine τJG directly and showed that 
the temperature dependence of τJG is in accord with Eqs.(20) and (21). In this respect, the 
study of the JG relaxation in mixtures, like picoline/tri-styrene, has an advantage. We 
have seen that  of picoline can be increased significantly by increasing the content of 
the less mobile tri-styrene. The mixtures with 25% and 40% picoline have respectable 
large values of  equal to 0.62 and 0.48 respectively (see Table 1). The JG loss peak is 
clearly observed at temperatures above and below T
Anˆ
Anˆ
Ag, from which τJG is directly 
determined. τJG indeed shows15,16 the change from the Arrhenius dependence of Eq.(23) 
to a stronger dependence at some temperature near TAg, consistent with Eq.(22). Hence 
the dielectric data of the picoline component in the 25% and 40% picoline mixtures offer 
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direct evidence that the Arrhenius temperature dependence of τJG in the glassy state does 
not continue to hold in the equilibrium liquid state. In mixtures with more than 40% 
picoline, the τJG’s were obtained by a fitting procedure15,16 that involves some 
assumption. Nevertheless, the deduced τJG’s also show the change of temperature 
dependence across TAg’s of the blends. 
   
5. Conclusion 
 The coupling model has been applied to describe the α-relaxation dynamics of a 
component in binary mixtures of two glass-formers. This extension of the coupling model 
is one among several proposed models for the α-relaxation dynamics of a component in 
mixtures. There are already some experimental data of the α-relaxation of a component 
that distinguish the coupling model from other models31,32,33,34,55. In this work, we have 
extended the coupling model further to give a parallel description of the α-relaxation and 
the JG β-relaxation of a component in the mixture. Such extension has several 
quantitative predictions on the JG β-relaxation time and its temperature dependence, and 
the relation of these quantities to the α-relaxation of the same component. These 
predictions are consistent with the α-relaxation and the JG β-relaxation of 2-picoline in 
binary mixtures with either tri-styrene or ortho-terphenyl. 
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Table 1. Experimental and calculated parameters of the α-relaxation and the JG β-
relaxation of 2-picoline in binary mixtures with either tri-styrene or ortho-terphenyl. 
There is a difference between the calorimetric Tg given in Refs.(15) and (16) from the 
dielectric TAg obtained from the dielectric relaxation data by the definition 
τAα,max(TAg)=102 s. Whenever the difference is small, we enter (Eβ/RTAg)exp given in Refs 
(15) and (16), which were computed by using the calorimetric Tg. In the case of the 50% 
2-picoline mixture, the calorimetric Tg differs by about 5 degrees. When we compute 
(Eβ/RTAg)exp by using the dielectric TAg, the result indicted by an asterisk is a bit smaller. 
 
 
% of           
2-picoline      
in tri-styrene 
log10(νAα,max / Hz) log10(νJG / Hz) Anˆ  
from 
Eq.(14) 
τ∞ (Eβ/RTg)exp (Eβ/RTg)cal 
from 
Eq.(17) 
5 -2.8 7.26 0.735 3×10-15 14.5 14.9 
25 -2.4 5.8 0.62 3×10-17 23.1 23.1 
25 -3.4 5.5 0.62 3×10-17 23.1 23.1 
25 -4.3 5.2 0.62 3×10-17 23.1 23.1 
40 -2.0 4.1 0.47 5×10-16 26.0 25.0 
40 -3.8 3.2 0.48 5×10-16 26.0 24.7 
40 -0.7 4.4 0.44 5×10-16 26.0 26.0 
50 -3.9 2.3 0.41 10-13 25.9 
  24.9* 
21.6 
100 -0.8 N/A 0.36 N/A N/A N/A 
% of           
2-picoline      
in OTP 
log10(νAα,max / Hz) log10(νJG / Hz) Anˆ  
from 
Eq.(14) 
τ∞ (Eβ/RTg)exp (Eβ/RTg)cal 
from 
Eq.(17) 
30 -2.4 4.5 0.52 6×10-17 25.5 25.6 
 18
30 -1.0 4.9 0.50 6×10-17 25.5 26.2 
50 -3.0 2.5 0.40 4×10-15 26.5 
 25.7*
25.1 
25.1 
100 -0.8 N/A 0.36 N/A N/A N/A 
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